THE PHYTOPLANKTON AND SOME PHYSICAL-CHEMICAL DATA
OF TEE COTTONWOOD AND UPPER NEOSHO

RIVERS IN KANSAS, 1969

A THESIS
SUBMITTED TO THE DEPARTMENT OF
BIOLOGY AND THE GRADUATE COUNCIL OF THE KANSAS STATE
TEACHERS COLLEGE OF EMPORIA IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

HARLAND PANKRATZ
July, 1960



Approved for the Major Department

Approved for the Graduate Cowmeil

D L éé,

162144



ACKNOWLEDGMENTS

This study was supported by funds granted to Eansas State
Teachers College of Bmporia, Kensas by the Natiomal Soience
Foundation for support of a program of Researeh Participation for
Teagher Training, The work was directed by Dr. Ted F, Andrews,
head of the Department of Blology., Kenneth Minter, en assoclate
in the progrem, assisted in the fie¢ld collecting and ldentified
all zooplankters in the collections,

Recognition for services of other groups end individuals
who assisted in this study is also in order,



INTRODUCTION

DESCRIPTION

METHODS AND MATERIALS
Physical-chemical Conditions
Qualitative Pbytoplankton

Quantitative Phytoplankton
REVIEW OF LITERATURE

RESULTS AND DISCUSSION
Physical-chemical Conditions
Phytoplankton Data

SUMMARY

LITERATURE CITED

APPENDIX

PACE

& BB

52
57



LIST OF TABLES
TABLE PAGE
I, Physical-chemical data and total algae from the Neosho 33
(N) and Cottonwood (C) rivers tabulated for each
collection date,
I, The genera of algae collected at the Neosho (N) and Lo
Cottonwood (C), grouped into classes and tabulated
for each eollecting date,



LIST OF FIGURES

FIGURE

1,

3.

L.

5.

7.

10,

11.

Map of the rivers at Emporia showing the location of
the eollecting stations,

Watersheds of the Cottonwood River and the upper Neosho
River showing proposed flood control dam sites,

Map of Kansas showing the Flint Hills Region and the
watersheds of the Missouri and Arkansas rivers.

Station I looking upstream at the site of station II

above the dam,

Station II looking upstream over the pool area above the

dam,

Looking downstream from station I at the riffle areas.

Field equipment in use at statiom III,

Station ITI looking upstream at the pool area above
the dam,

Station IV looking upstream at the pool area above the
dam,

Graphs showing some physical and chemical features of
the Neosho (N) and Cottonwood (C) on each date of
collection,

Per cent organic seston in the Neosho and Cottomwood
rivers from June to October, 1959, Numbers indicate
mg/1liter,

PACE

a3

35



FIGURE

12, Oraphs showing the abundance of algae in each class
represented in the eollections for both the Neosho (w)
and Cottomwood (C) rivers on each date of collection,

13, Percentage distribution of the abundance of algae by
classes for the Neosho (N) and the Cottonwood (C) on
each date of collection,

PAGE
37



INTRODUCTION

The comparstive survey of the Neosho and Cottonwood rivers
at Emporia included determining some physicel and chemiosl condi-
tions snd sampling the phytoplankton end gooplankton populations
of esgh stream. Qualitative and quentitative phytopl ankton popula=
tions end the physical and chemical features are discussed in this
papers,

Emporia is situated between the FNeosho and Cottomwood
rivers approximately seven miles above their econfluence in Lyon
County, Kensas (Fig. 1). The Cottonwood River originates pri=-
marily in the flint hills of Marion end Chase ocountles while the
headwaters of the Neosho River drain parta of Vabaunsee end Morris
counties (Fig. 3)e The drainage area of the Neosho is predomi-
nantly cropland end the Cottonwood dralns some eroplend and a
large area of grassland. It is estimated that 72 per cent of
Chase County is grasslend. It was also known from samples taken
earlier that the water from the Cottomwood is harder then that of
the Neosho, These are some of the primary fastors which stimule~-
ted this investigation,.

Several other features added locael interest to this study.
Acoording to records examined at the office of the City Manager,
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3
en average of 1,5 million gallons of water were pumped from the rivers
daily for domestio end industrial use at Emporia during 19568 and ap-
proximately three million gallons were needed daily during hot summer
days. Local fighermen were present near the stations at ome or both
rivers on all oollecting trips indicating that the streams were cone
sistently utilised for recreatiomal purposes, Frequent heavy thunder-
storma during spring snd summer months in the upper watershed erea of
both rivers resulted in excessive runoff and intermittent flooding of
lowlands. Flooding cccurred in May of 19569 and high water conditions
existed egain during July although overflow wes very limited,

The Neosho River watershed whigh extends from northern
Oklehoma to central Kensas was being impounded (1960) to eomtrol
flooding, Several dams were under construction or had been completed
below the area of this study, Reservoirs were also to be formed
upstream to control the headwaters of both the Neogho and Cottonwood
rivers (Fig. 2), This study was made before such measures were in
effect and consequently might serve as a reference to help indieate
the changes which oocour in the limmology of the rivers after comple-
tion of the reservoirs,

Published reports of studies of the phytoplankton of rivers
and streams with sccompanying deta of the physiocal and chemical
conditions include primarily the larger rivers (Damaan, 1951, Berner,
1961, Allen, 1920), Welch (1952) stated that only ome extensive,
long term investigation of the limmology of rivers has been undertsken
in the United States. The comprehensive study of the Illinois River
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51
resulted in publications which include several by Kofoid (1903, 1908).
Mthough these studies ere importent, it should be recogniszed that
the small rivers end streams are much more numerous in Kensas then
large rivers and affect a large drsinage area, Approximately 1500
rivers and streans in Kansas have been neamed (Schoewe, 1961) but
the limmology of only a few of these has been investigated (Prophet,
1967, Goulden, 1959). Dowell (1952) has indicated thet limmology in
Kansas is gtill in the ploneering steges of development, Phyto-
plankton of rivers with accompanying chemicel end physical data have
epparently not been included in published literature in Kansas,.



DESCRIPTION

The water from Kensas streams drains into two larger
rivers (Fig. 2)s The Arkansas River drainsge basin includes the
area south of & line through the following Ksnsas oitiess Leoti,
Seott City, Utleca, LaCrosse, Holyrood, McPherson, to south of
Herington (Schoewe, 1961), An are from south of Heringtom through
Alta Viste and Reading circumsoribes the northernmost edge of its
watershed, A line extending from Reading mﬁoutthr@
Pittsburg indicates the esstern boundary of the Arkenses River
dreinage area, The part of Kmmsas to the north snd east of the
line 1s part of the Migsouri River drainage basin, The Neosho and
Cottonwood rivers are part of the Arkensas River drainsge basin,

The headwaters of the Neosho River originate in the Flint
Hills of Morris and southwestern Wabaumsee counties, The course
of the river is generally southeastward along a path 180 miles long
when measured in e straight line or 201 mlles along its chamnel, It
joins the Arkmnsas River about ten miles northeast of Muskogee,
Oklghoma. In the area of its headwaters above Council Grove, the
Neosho has an average gradient of 15 feet per mile (Kensas State
Board of Agriculture, 1947). From Cottomwood Falls to Emporia the
average pgradient hﬁrntutpornnomdbelw.mpointofom-
fluence with the Cottonwood River to its mouth in Oklehomas, it is
reduced to 1,36 feet per mile,

The Neosho River drains an area of 8256 aquare miles above
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its junction with the Cottomwood, The area is composed of mostly
limestone and shales of the Wabmumsee, Admire, Couneil Growve and
Chase groups (Schoewe, 1951).

A series of three dams has been constructed upstrean from
Buporia, Ome of these is logcated an estimated 19,6 river miles above
the confluence with the Cottomwood River and is 70 feet long and 10
feet high., Records from the office of the City Engineer state that
it was constructed in 1885 with en mpproximate reservoir cepacity of
100,000,000 gallons, It is located just morth of the Emporia city
limits and its reservoir is tapped heavily for the olty's water supply.
Records also indicate that during periods of drought water does not
flow over the dam and conversely during high water in July of 1v59
the dam was completely submerged so that ita loocation could only be
estimated,

The banks of the Neosho support a dense vegetation including
the following plents: Ulmus americena (Americsn elm), Salix nigra
(black willow), Celtis occidentalis (hackberry), Rhus redicens
(potson ivy), Praxinus sp. (ash), Morus albs (white mulberry),

lorus rubre (red mulberry), Polygonum sp. (smartweed), Quercus
macrocarpe (bur osk) and Acer negundo (boxelder) (Fernald, 1950).

Station I is in a pool area about 76 foet below the dam
(Fige 4)« During high water it becomes part of a large whirlpool
area, During normal river flow it is about 50 feet wide and 160
feet long with a maximum depth of spproximately ¢ feet, Immediately
below the pool and extending sbout 100 yerds downstresam is a riffle
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Fig. L., Station I looking upstream at the site of Station II
above the dam,

Fig, 5., Station IT looking upstream over the pool area above
the dam,
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area, Seepage from the bank at the station edded a steady flow of
water, colored with diatoms, to the stream,

Collections at Station II were taken from a cement abutment
approximately 100 feet sbove the dam om the right heand side of the
strean (Fig. 5)« The bottom was composed of gravel covered with
detritis in the pool regiomn, The river was quite sluggish upstrean
from the pool area and steep banks kept the stream well defined.
The pool was about 90 feet wide and had a maximum depth of about &
foet,

The Cottomwood River is a right hend tributary of the
Neosho (Flg. 2). From its origin in Marion County, Kensas it flows
137 miles by way of its chamnel in & general eastward directiom.

Its watershed covers an aree of 1830 square miles with approximetely
68,000 mores of it subject to periodiec flooding after heavy rains
(Schoewe, 19651). A gradient of 10 feet per mile in Marion County
docreases to an average of 2.6 feet per mile near its mouth in Lyon
County (Kansas Stete Board of Agriculture, 1947). Rock strata in
the watershed are composed mostly of VWabaumsee, Admire, Council Grove
and Chase groups as in the Neosho watershed (Schoewe, 1951), In
addition, there is Wellington shele in the upper drainage area., The
river drains ebout the same aree of limestone as the Neosho above
the point of their jumction but in its headwaters it also drains an
area which is composed partly of gypsum (O'Comnors, 1969). This is
apparently the source of the sulfate ioms which were greaily re-

sponaible for the difference in hardness of the waters of the Neosho



Fig. 7. Field equipment in use at station IIT.
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end Cottonwood rivers.

An old mill dam 112 feet long and nine feet high orosses the
river near Emporia, According to the oity manager it was constructed
about 18566-1860 and was repaired during a period of drought in 1956,
Oscillatoria coated the face of the dam during the entire study emd
Cladophora was found growing on top of the dem in August.

Vegetation on the benks of the river included Populus deltoides

(cottonwood), Morus rubra (red mulberry), Gleditsia triscenthos

(honey locust), Platanus ocoidentalis (sycamore), Ulmus emericena

(smerican olm), Fraxinus sp. (ash), Acer megundo (boxelder maple),

Salix sp, (willow) end Polygomum sp. (smartweed) (Permald, 1950).

Station III below the dam on the Cottomwood River had a rocky
bottom (Fige. 8)s Cladophora grew abundantly on these rocks during
normal stream flow in July end again in Auguste. At this time the
stream {lowed rapidly at this station and the water was approximately
throe feet deep. It was about 150 feet wide and extended several
hundred feet downstreem, Colleotlions were made an estimated 150 feet
below the dem on the left hand side of the stream.

Station IV (Fige. 9), approximately 60 feet above the dam on
the left hand side of the stream, was a pool area about 125 feet wide
and 200 feet long, The bottom was rocky and covered with detritus,
Maximum depth was ebout seven feet during normal stream flow, During
July and August slightly submerged rocks along the banks were covered

with diatoms.



Fig, 8, Station III looking upstream at the pool area above the dam,

e o

Fig, 9. Station IV 1loocking upstream at the pool area above the dam,



METHODS AND MATERIALS

Physical-Chemical Conditions

Observation of existent plankton and limmological conditions
were made from June 5, 1959 to October 10, 1959, Weekly collections
vere made from June 5 to August 19 and the stations were again visit-
ed on September 12 and October 10, Collections were made at all
stations each time they were visited except when high water inundated
the stations, Only one set of samples was taken from each river on
July 16 and on July 23 only one station was visited on the Neosho
because of high water,

Limological conditions recorded at each station included air
and water temperatures, turbidity, hardness, dissolved oxygen, carbom
dioxide, hydrogen-ion concentration (pH), seston, and phenolphthalein
and methyl orange alkalinities (Tsble I), A qualitative phytoplankton
sample from a tow net and a 100-1liter quantitative phytoplankton same
ple, concentrated to 35 milliliter (ml), were brought into the labor-
atory for examination,

Temperatures were recorded in degrees Centigrade (°C) with a
Whitney underwater transistor thermometer, The temperature difference
between surface and bottom was considered insignificant and only one
temperature at a depth of one to two feet was recognized,

Turbidity, a measurement of suspended mtter, was determined
as parts per million (ppm) with a United States Geological Survey
turbidity rod,
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Total hardness, measurement of the sum of concentrations of

cations in solution, was determined by the scap titration method as
outlined in Standard Methods for the Examination of Water, Sewage and

Industrial Wastes, (1955), The hardness of Neosho water is caused

primarily by carbonate and bicarbonate ions but the Cottonwood in
addition carries varying amounts of sulfate ions in significant quan-
tity according to reports obtained from the city water department,
Sulfate hardness was not derived at this time,

Dissoclved oxygen in partis per million was determined by the
wnmodified Winiler method (Welch, 1948) with suitable adjustments in
concentration of reagents to accommodate a 135 ml water semple,
Oxygen in parts per million was converted to per cent of saturation
from the monograph by Welch (1948),

Free carbon dioxide, and phenolphthalein and methyl orange
alkalinities were determined as outlined in Welch (1948), Phenol=-
phthalein alkalinity was not found in samples from these rivers,

Inorganic and organic seston was concentrated from 500 ml of
water with a Foerst centrifuge operating at a speed of about 20,000
rpm, The centrifugate was dried et L2-lli degrees Centigrade for about
72 hours or longer, Then it was cooled in a desiccator and weighed,
It was burned over a carbon-free flame for 20 minutes and weighed.
again after cooling, Results were converted to milligrams per liter
(mg/liter) and per cent orgenic and inorganic seston,

Qualitative Phytoplankton

One qualitative and one quantitative sample were taken at each
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station, A cone-shaped tow net constructed of number 20 bolting silk
wzs used to collect qualitative samples, The diameter of the net
opening at the inflowing end measured 15 centimeters (cm) and a 37 ml
screw cap bottle with an opening of 2,3 cm was attached at the smaller
end of the met, A sample was collected by throwing the net into the
stream to about 45-50 feet from shore and retrieving it. The depth
at which the sample was taken was controlled by how fast the net was
drawn toward vhe shore, Several casts were made o include samples
from different depths of the stream and care was exercised to include
mly floating organisms,

Water samples were returned to the laboratory shortly after
they were collected and cooled in a refrigerator to four °C, Many of
the motile organisms become sluggish and settle to the bottom when
they are cooled sufficiently, After an hour or more wet mounts were
examined with a microscope at a magnification of 100 diameters (X),
High power (L30X) was used to make more accurate identification,
Three or four mounts from each sample were made to insure more come
Plete sampling, A binocular American Optical microscope equipped with
a8 mechanical stage and a Whipple's ocular micrometer was used for all
quantitative exsminations, Fresh-water Algse of the United States

(Smith, 1950), The Algae of Illinois (Tiffsny and Britton, 1952),
Algae of the Western Great Lakes Area (Prescott, 1951), Structure

and Reproduction of the Algae (Fritsch, 1935 and 19L45) were used
%o identify the algae,




Quantitative Phytoplankton

A 10-1liter bucket was used to pour 100 liters of water through
a partially submerged dip net to get a quantitative sample, A larger
opening of 75 em made this net more convenient for quantitative sam-
pling than the tow nmet described on the preceding page, A 35 =l
bottle was attached to the net to receive the cuncentrated sample,
Enough formalin was added to the sample to make s three to five per
cent sclution for preservation, The quantitative portion was not
examined until specimens in the tow sample were identified, Then the
35 ml quantitative aliquot was further concentrated to about four to
8ix nl depending upon the amount of suspended matter it contained,
A part of it was then transferred in a dropper to a Sedgwick-Rafter
cell for counting mder the binocular microscope previously de-
scribed, Counts were confined to the area outlined by the Whipple
field through a 10X ocular and a 10X objective,

Algae vere examined at L0 different locations in each Sedgwick-
Rafter sample, Four rows of 10 fields each were examined at 135, 1)0,
1k, and 148 mllimeters (mm) on the vertical component of the mechan-
ical stage, Horisontal components were selected at five mm intervals
from 20 mn to 65 mm, The counting cell was refilled until the entire
sample was examined, By calculation the conversion factor 0,5 was
derived to obtain the number of algal mits per liter of river water,

From the literature studied it seems that there is a lack of
standardigation of the unit for counting algse, The unit as found
in this paper refers to the definition as outlined by Lund (1957).
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Unit - (a) a single-celled alga such as Synedra, Euglena, Ceratium,

(b) @ eclony of cells like Pediastrum, Scenedesms or
Budorina,

(e) a filament crossing the field or entering the field
each time that it eontacts the preccribed area,



REVIEW OF LITERATURE

Available reports of Kansas algae date back to 188k4, Wolle
(188Y, 1885, 1836 and 1889) listed 53 species of algse which he col-
lected near Topeka, Smyth (1891) included three genera of algae,
among other flora, in his report to the Kansas Academy of Sciences
and in 1889 Curtis added descriptions and plates of 16 genera of
diatoms from central Kansas, Specimens were taken from Reno and
McPherson counties and Gage's Fond at Topeka, These are apparently
the only published reports of algae before 1900,

In 1918 MeNaught published a list of 51 genera of algae
composed of diatoms, Chlorophyceae, Myxophyceae, Heterokontae and
Flagellata, He indicated they were forms which were troublesome in
surface water supplies for cities, This was followed by another
publication (McNaught, 1920) which included 13 additional genera of
algae from reservoirs, It included a key for ideailfying algae and
a description of a method for applying copper sulfate to reservoirs
for the eontrol of algal growth, Mannoni (1932) included drawings
of 52 species of Chlorophyceae in his preliminary survey of Crawford
County algase and Bailey (1932) reported 20 species of filamentous
green algae in a similar study in Labette comty.. Thompson (1938)
made a preliminary survey of the fresh water algae of eastern Kansas,
He included 116 genera collected from pools and streams from several
comnties, Although it was not confined to plankton algae, it
apparently represents the greatest contribution to phytoplanktomn
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surveys in the state, Limnologleal records to accompany these col-
lections were not included.

Two recent, unpublished reports at Kansas State Teachers
College of Emporia, Kansas include some data on algse, Davies (1958)
collected 29 genera of winter phytoplankton from a slough near
Emporia and included the physicsl-chemical data in his report, He
correlated the occurrence of the genus Cyclops with the order
Zygnematales and found a2 relationship between the occurremce of the
genus Diaptomus and the order Volvocales, dJantzen (1959) collected
nine genera of algae and recorded some limmological data from a
boggy marsh in Stafford County, Kansas,

There are in the state related limological reports not
specifieally concerned with phytoplankton, Andrews and Breukelman
(1952) surveyed 19 Kansas state lakes and recorded physical and
chemical data along with zooplankton over a period of tem months,

A survey of six roadside ditches in Chase and Lyon counties by
Ratglaff (1952) was also restricted to the zooplankters and physical
and chemical conditions, Burner and Leist (1953) studied a strip-
mine lake in southeastern Kansas for 2 period of ten months,
Tiemeier (1951) investigsted the turbidity and plankton of Kanapolis
Reservoir, and Tiemeier and Moormsn (1957) surveyed the limmology

of ponds around Manhattan, Kansas with emphasis on classification

of lakes by their turbidity, Tiemeler and Elder (1957) studied ponds
in the Flint Hills to determine the physical and chemical relation-
ships to the kinds of sooplankton,
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Several studies of smaller lotic waters in the state are re-
corded, Walton (1949) determined the physical and chemical condi-
tions in the Verdigris River in southeastern Kansas and Prophet (1957)
and Goulden (1959) included zooplankton and physical-chemical condi-
tions for both the Fall and Verdigris rivers,

Among several studies of larger rivers in other states, Allen
(1920) studied the plankton of the San Joagquin River near Stockton,
California, He utilized the Sedgwick-Rafter cell for quantitative
counting, Baeillariophyceae were dominant among the 90 genera of
algee identified, A shift in dominance from zooplankters in the
rivers to slgel dominance in a polluted channel is also noted, Tem~
perature was responsible for seasonal dominance of plankton forms,
Lackey and Hupp (1956) reported sampling the White River in Indiana
near the headwaters at a point 41 miles from its source, Mamy pool
areas in the headwaters allowed the water to age and resulted in good
phytoplankton growth, According to Lackey (1958) pollution of the
stream served to fertilize it end incressed the productivity.
Phosphorus (lLackey and Hupp, 1953) is seldom present in small enough
amounts in rivers to limit the growth of dlgae,

Among studies of phytoplankton productivity in the United
States, Hutchinson (19LL) in the study of lakes and Blum (1956) in
studying rivers indicated there is no simple formula to indicate
algal periodiecity by chemical and physical determination, Pennak
(1946) stated that most quantitative phytoplankton studies on smaller
streams and rivers are not available in the literature, By the
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study of several small Colorado lakes he showed that the seasomal
pulses are not always found in smaller bodies of water and that they
may occur during any season of the year, He also pointed out that
seston is a good index of plankton production, Hartman and Graffius
(1960) supported the view of Pemnak by positively correlating seston
with populations in Pymatuning Reservoir, Armitage (1958) found
alkalinity e chief determinant of the standing erop of a stream and
Wallen (1955) refers to alkalinity as an indicator of productivity.

Several recent studies have indicated specific limiting
factors of phytoplankton populations, Fish (1956) pointed to the
sulfste iom as a limiting factor in Lake Victoria, Neel (1951) sug-
gested that oxygen was limiting the population in the North Flatte
River and Berner (1951) found temperature end turbidity as limiting
factors in the Missowri River, Temperatwre is also referred to by
Wallen (1955) as important in Oklahoma ponds, Turbidity according
to Blum (1956) reduces light pemetration in river waters, He
supported this with studies which show that shaded regions of rivers
are lower in productivity in the beech-maple commmities of northe
eastern United States than in well lighted areas in the same rivers,
He also suggested that high turbidity would limit algal growth when
it prevents light from penetrating the water,

Phytoplankton reports are available from several states
surrounding Kansas, In Oklahoma, Wallen (1949) identified 67 genera
of phytoplankton from a pond fertilised with sewage sludge, Zoo-
plankton at no time during the study outnumbered the phytoplankton,
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Procter (1951) included limoclogicsl and phytoplenkton information in
an wmpublished report on three central Missouri farm ponds,

Lund and Talling (1957) reviewed the methods of limnology
with specific reference to algae, They emphasiszed the need for simplie
city of methods and made recommendations Cor procedure in phytoplankton
field and lasboratory work, Some investigators, including Chandler
(1940), have used a centrifuge to conceutrate algal samples fur
Quantitative microscopic exemination, Hartmen (1958) discussed the
effectiveness of this method in separating algese from liquids,
Apparently phytoplankton cannot all be equally well retained by
centrifugation except by repeated processing, It is found that
generally blue greens are more difficult to concentrate by this
method than other algal growps, A technique using a transparent
filter for concentrsting and counting algae was described by MeNabb
(1960), The Sedgwick-Rafter cell as a practical means for counting
algsl cells in city water supplies was reviewed by Palmer (1959).



RESULTS AND DISCUSSION

Physical-chemical Conditions

From observation it became appzrent that intermittent heavy
rains in the watershed area caused rapid rise and fall of the water
level in both rivers, City records showed that the Cottonwood River
crested at 25,05 feet at Emporia on May 19 and both rivers again had
high water levels on June 25, On July 15, the Neosho River crested
at 23,k feet after a series of heavy rains in the upper watershed of
that river, Blum (1956) stated that there was s physical difference
between slow and fast flowing water which had not been identified,
Very few fragmentary parts of algae were encountered even during times
of high water, Apparently the steep gradient in the watershed above
the stations subjected the plankton to continual adverse physical and
mechanical conditions so that the effect was not noticeable at any ame
time, Pennak (1946) reviewed the effects of current on algae in rivers,
He stated that qualitatively there is no difference between the planke
ton of running and standing water but quantitatively the populations
are greatly reduced in running water,

Heavy runoff in the Neosho and Cottonwood caused a wide
fluctuation in turbidity (Fig, 10), Chandler (1937) indicated that
high turbidity decresses light penetration, The extremes of turbidity
of the Neosho were 72 ppm on August 13 and 3000 ppm on July 16 and 23,
and the mean was 608 ppm, Turbidity in the Cottonwood ranged from
52 ppm on September 12 to 3000 ppm on July 23 with a2 mean of 351 ppm,
The high reading of 3000 ppm for both rivers on July 16 corresponds
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to the high water level readings from the Neosho River, Goulden
(1959) reported high turbidity readings to 3000 ppn during periods
of rising water levels on the Fall and Verdigris rivers, He alse
reported low turbidity resdings of less than 10 ppm on the same rivers
during normal stream flow, Common high readings of 3000 ppm were re-
ported by Berner (1951) in his survey of the Missouri River, He
further indicated that turbid water affected sll festures of the
Missouri either directly or indirectly, Roy (1955) noted that
phytoplankton production varied inversely with turbidity,

All temperatures were taken in surface water near the shore,
Welch (1952) stated that tesperstures of streams are gemerally
nearly wniform at all depths, They ranged from 29,4°C in the Cottone
wood and 28,7°C in the Neosho on August 6 to & low of 14,2°C in the
Necsho and 14.8°C in the Cottomwood on October 10 (fsble I), During
a high water season on July 16 the tesperature in both rivers was
20,7°C, a low reading for the menths of Jume, July, August and
Septesber, The mean temperature was 23,7°C in the Neosho end 24,6°C
in the Cottomwood (Pig, 12), Slack (1955) repurted that a difference
in the amount of shaded area in the stresm probably csused a higher
tomperature at some stations them others in his Indiana studies,
This spparently did not explain the tewperature difference between
streams in our study, Although there were troes along the banks of
both rivers in the csllecting aress they did not perceptedbly shade
one river more then the other during the early part of the day,
Berner (1951) recorded temperatures as high as 82%°Fabwenheit (27,7°C)



29
in the Missouri River, Welch (1952) stated that small streams fol=-
low air temperatures more closely than large rivers, Pennak (1946)
said, "plankton populations are undoubtedly determined to a large
extent by temperature characteristics of lakes and streams",

Fer cent saturation of dissolved oxygen is emphasised more
in this investigation than parts per miliion becsuse it reflects its
solubility, Oreater variation in per cent saturation of oxygen in
the Cottomwood was indicated by low readings of I3 per cent on June
25 and 53 per cent on July 16 in the Neosho and Cottonwood, re-
spectively, with corresponding high readings of 94 per cent on June
18 and 120 per cent on August 16 (Fig, 12). A mesn of 70 per cent
for the Neosho and 77 per cent for the Cottomwood indicated a some-
what greater amount of available oxygen in the Cottomwood, The 120
per cent saturation in the Cottonwood om August 13 is the only re-
cording of super saturated oxygem conditions during the study,
Comparatively low readings of 50 and 53 per cent cn July 16 corres-
pond to the high water season and the low water temperature for
both rivers, According to Pennak (1946) the dissolved oxygen is
never a limiting factor in unpolluted streams,

There was no free carbon dioxide detected in the Neosho on
June L end none in either river on Junme 11 (Fig, 10). A high of 7
ppm in the Neosho on October 10, 8.5 ppm in the Cottonwood on July 23
and a mean of 2,6 ppm for the Neosho and 3,2 ppm for the Cottomwood
were determined, A gradual increase in carbon dioxide resulted from
the first collections to the last in both rivers and greater weekly




variations in the Cottomwood in Jume are spparemt,

Our records showed a general inverse relationship between
dissolved oxygen and free carbon dioxide (Fig, 10), Davies (1959)
reported that no clear relationship existed between oxygen and care
bon dicxide in his study of a slough, Welch (1952) stated that
agitation is a very effective method of eliminating free carbon
dioxide in water, Prophet (1957) found no free carbon diexide in
either the Fall or Verdigris rivers and Goulden (1959) reported en
increase in carbon dioxide corresponding to an increase in stream
flow, Records from our study in general indicated similar results,

There was a slight, gradual incresse in hydrogen-ion cone
centration to July 16 (Fig, 10), From this date to the last col-
lecting date the trend was reversed as the pH showed a gradual ine
erease to near 8,0, A high of 8,2 on Jume 11 and a low of 7.3 on
July 25 were recorded for the Neosho and a high of 8,1 to 2 low of
7«6 showed less variation in pH in the Cottonwood, A 7.8 mean pH
reading in the Neosho and 7,9 in the Cottomwood showed little dif-
ference between the two rivers, Prophet (1957) reported a range in
pH of 7,2 to 8.2 in the Verdigris River and 7.3 to 8,0 in the Fald
River, Streams are probably more acid near their Headwaters and reach
neutrality downstream acecording to Blum (1956), Ii sgreement with
the trend indicated, low pH during a high water level indicctes that
aging the water is necessary to resch an equilibrium in pH, Moulton
(1939) related low pH to low phytoplankton mumbers,

No phenolphthalein alkalinity was detected, A mean of 198 ppm
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of methyl orange alkalinity in the Neosho was 21 ppm lower than the
mean of 229 ppm in the Cottonwood (Fig. 10), There was a low of 67
ppm recorded for the Neosho and 115 ppm for the Cottomwood and highs
of 285.5 ppm and 310 ppm respectively, Total alkalinity was higher
in the Cottonwood than in the Neosho wmtil July 23, Tests indicated
low alkalinities during high water seasons and showed an inverse re-
lationship to the turbidity, Coopey (1953) relates low alkalinities
to overflow seasons in rivers, Armitage (1958) in his studies of the
Firehole River pointed out that alkalinity wmight be the chief factor
which determines the standing erop in a stream, Such a relationship
was supported by a comparison of the totsl alkalinity with total
algsal abundance (Migs 10 and 12), Prophet (1957) reported ranges of
53 ppm to 202 ppm and 106 ppm to 182 ppm for the Verdigris and Fall
rivers, Results of the present study indicated higher alkslinity in
both rivers,

It was known from earlier unpublished reports that the water
of the Cottonwood River was harder than that of the Neosho River, The
average difference in hardness between the two streams during the
study was 60 ppm, The mean hardness for the Cottomwood was 26l ppm
and for the Neosho it was 204 ppm, The Neosho varied in hardness
from 80 ppm to 282 ppm and the Cottomwood varied firom 104 ppm to 358
ppn (Table I), The hardness of the Neosho was never higher than the
Cottonwood (Fig, 10), In a general way, it varied inversely with the
turbidity, In two rivers in southeastern Kansas, Prophet (1957) re-
ported a range of 98 ppm to 438 ppm in the Verdigris River and 109

162144
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ppm to 336 ppm in the Fall River,

Variation in mg/liter of total seston was considerable
(Table I), The Neosho water samples yielded a low of 33,8 mg/liter,
a high of 10L4,2 mg/liter and a ealculated mean of 215.8 mg/liter,
Corresponding values for the Cottonwood were 40,3 mg/liter, 711.2
mg/liter and 163,1 mg/liter, The mean for the Neosho was 52,7 mg/liter
higher than the mean for the Cottomwood, The per cent organic seston
showed less variastion (Fig, 10) than the organic sestom in ppm, The
extremes for the Neosho were 9.0 per cent and 25.8 per cent and the
Cottonwood extremes were 5,5 per cent and 23 per cent, Respective
means for the two rivers were 16,6 and 16,0 per cent, Pemnak (19L6)
and Andrews (1953) have both supported the importance of seston as a
valusble and reliable index of comparative plankton abundances,
Pennak (1946) specified three to 60 mg/liter (dry weight) total
dissclved organic matter or four to eight times the weight of the
total plankton and detritus as a normal range for most fresh waters,
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Table 1, Physical-chemical data and total algae from the Neosho (W)
and Cottomwood (C) rivers tabulated for each collection

date,

- - pec- < ve ® - Q8 o
Date of ® ) ® ® &y by by §

~
eleem | E 5 5 F F 3§ F g 3
Wat .« |22,4s 246 265 241 245 23,9 20,7 22,4 W
refoo Tt 230 2k 2608 261 2600 265 2007 241 ©
Turbidity 95 80 7% L0 155 1150 3000 3000 N
in ppn 130 122 95 205 B2 185 3000 425 ¢C
Hardness 262 262 a2 132 22 120 80 04 N
in ppm 352 328 272 188 304 20 1046 AL ¢
Dissolved 05 | 5,k 6,9 7.7 5.7 6,0 h. b6 L4oO N
in Ppm Ted 606 5.7 3.5 608 -h h-a 5-3 C
02 per cent 62 82 9L 67 66 56 50 6k W
saturation 81 88 70 L2 83 79 53 62 ¢
Free COg 00 00 1.2 3.0 20 35 LO LS5 N
in ppm 2,7 0,0 ©0,7 5.0 16 3.2 35 8,5 ¢
Methyl orange | 285 284 227 104 a5 88 8o 67 N
alkal,, ppm | 289 292 2,8 154 252 191 115 2B ¢
Seston, total |24.8 532 L49.8 207.8 108.4 L08,6 800.2 10Lh.2 N
in mg/liter (k5.3 942 73.6 9.9 616 86,1 71,2 633.0 C
S-tm, organ, 6.5 11.5 1h.3 1809 1005 57.7 9208 117.ll N
in mg/liter | 6,5 14,1 148 123 10,0 128 80,8 60,0 ¢
SOlton, organ, 26 8 2.7 29.0 9.0 9.7 11.9 uoé 11.3 N
per cent 16,5 149 20,2 133 163 13.5 114 9.8 ¢
pH 8.2 Te? T9 7.5 7.6 _ 7.5 Tk 73 N
.9 a.l 7.9 7.7 800 7.8 7.6 706 c
Total algae 2,6 A8 7.0 12,2 27,7 a3 2.0 135 W
units/liter (12,5 10,5 36,5 U425 W00 6,7 90 345 ¢




Table 1. (continued)

3L

b 0 o} 8 = = @

Date of . . . 2 . 5 g
cillecttm | 3 5 ¥ ¥ & § & 2
- < < <5 w o (s

Water tem, 25,9 28,7 2,0 27 a8 W2 BB N
in °c 26,2 29,2 26,2 27,0 23,2 1hS8 25,3 G
Turbidity 72 77 72 82 77 120 608 N
in ppm 140 85 6 120 52 200 351 ¢
Hardness 282 258 256 a2 26 200 24 N
in ppm 282 292 304 22 358 268 268 ¢
Dissolved Op 5.5 6,2 6,3 5.7 6,0 7.7 6.2 N
in ppm 5.6 7.2 9.4 6.2 7.6 8.0 .5 c
02 per cent 65 82 82 70 68 75 7 N
saturation 67 93 120 80 87 78 17 c
Free COp 1.6 4O 1.4 3.0 7.0 3.0 26 N
in ppm 3.7 2.5 1.9 2.7 505 hco 3.2 c
Methyl orange | 278 85 239 2 20 136 198 N
alkal,, ppm 2l3 310 257 193 22 193 229 ¢
Seston, total | 63,1 342 L8, 6 5,y k.0 865 2458 N
s-tm, organ, 8.2 6.6 8.3 3.0 10.7 903 27;2 N
in mg/liter | 15,5 8,9 8,1 91 9.9 17,0 18,9 ¢
Saltm, organ, 13.0 19.8 18 8 17.0 23.0 10.5 1606 N
per cent 1.8 22,3 22.5 18,0 23,0 B85 16,0 ¢
pH 7.8 T.9 Ted 7.8 7.9 8.0 7.8 N
TeT 8.0 79 N 7.9 - 8,0 T2 G

Total algae 119 51 51 338 112 1 63 N
wits/1iter | BL5 7 72 89 56 13 5.8 ¢
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Phytoplankton Data

It was obvious early in this investigation, after comparing
our results with those of other investigators of larger rivers
(Berner, 1951, Kofoid, 1903 and Allen, 1920) that the phytoplankton
ecounts were low in both rivers, Chandler (1937) found a definite de-
crease in phytoplankton as they moved from a leke into a rumning
water environment, Kofoid (1903) indicated that the age of the water
in a river was important in determining the population of plankton
and Weleh (1952) pointed out that water which had been in a stream
for less than 15 hours was very young, Our study was conducted on
rivers in which the water would be considered young on the same basis,

A total of 59 genera were identified from collections made
during this study (Table IT). Fifty-three genera were collected from
the Neosho River and 46 genera were collected from the Cottonwood
River, An average of 20,7 genera were identified firom the Neosho on
each collecting date, Only 15 genera were identified from the Neosho
on July 23 in comtrast to 29 genera collected on August 19, The
Cottonwood yielded similar resulte, An average of 20,6 geneva were
classified on each collecting date, This river yielded 26 genera
on July 9 and on June 11 only 15 genera were identified, Davies
(1959) eollected 18 genera of algae from a slough in March and April
and only L genera on October 12, Pennak (1946) pointed out that one
can expect 4O to 150 genera of algse in a river or lake if regular
weekly samples are taken for one year,

During July, the number of units of total algae per liter
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Total algae

6/18 7/2 7/16 7/30 8/13 9/12 10/10
Bacillariophyceae

Fig, 12,

Graphs showing the abundance of algae in each class re-
presented in the collections for both the Neosho (N) and
Cottonwood (C) rivers on each date of collection.
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was generally lower than during June and the last part of the study
(Fig, 12), On August 19, 333 units per liter of algae were collected
from the Neosho compared to 11,5 units per liter collected from the
sams river on October 10, On July 9, 6,7 wmits/liter were identified
from the Cottonwood and 178 units/liter were identified from the
collections of August 19,

Station I on the Neosho had a mean population of 76,3 wnits/
liter and Station IT had 69,3 units/liter (Table II), Station III
on the Cottonwood yielded 52,0 mits/liter and station IV yielded 39,2
units/liter, On both rivers the stations above the dams yielded fewer
plankton than those below the dams, Berner (1951) found reservoirs
behind dams in the Missouri River basin consistently less productive
than stations downstrean,

The mean number of genera identified firom the tow net sample
showed that 14,5 genera were collected from station I, 14,2 genera
were collected from Station II, 16,5 genera were collected from
station I1T and 1l,1 genera were collected from station IV, Qualie-
tative sampling yielded varying results from one collecting date to
another and remained quite constant in the average mumber of genera
eollected (Fig. 12),

The algae collected represented seven algal classes, There
were 5 Cyanophyceae, 3 Chrysophyceae, 3 Xanthophyceae, 18 Bacillario-
phyceae, 23 Chlorcphyceae, 3 Dinophyceae and 3 Euglenophyceae (Table
II), Among the Cyanophyceae only Oseillatoria was collected more
than five times, It was the only one of the 59 gemera collected that
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Table II, The genera of algae collected at the Neosho (N) and Cotton-
wood (C), grouped intc classes and tabulated for each col-
lecting date,

Date of e - = & “ - = <

Colleetion ° 9 9 o ks b

§E :F B E 3 4 3 1

Tivers Ne WG NG NC NC NGC NC NGO

CY NOPHYCEAE

Anabaena x
Lyngbya X
Merismopedia x
Mierocystis x x x x x
Osecillatoria XX XX XX X X XX xXXx xXx XX
Noatoe
CHRYSOPHYCEAE
Mallomonas X X Xx
Synura x
Rhigochrysis x
XANTHOPHY CEAE
Characiopsis x
Ophiocytium x XX xXXx
Tribonema x X x
BACILLARIOPHYCEAE
Asterionella x x
Cocconeis xXx X Xx
Cymatopleura b 4 x
Cymbella x X X x 3 3 xXx x
Diatoma
Fragilaria X x x x x XX x x X
Gomphonema X X X x XX X Xx xx x XX
Gyrosigma Xx x xXx zx XX XX xXx XX
Melosira XX Xxx xx x x XX X
Meridion x
Navicula XX X x XX XX xx xx XX xx
Nitschia x 4 xXx XX. XX x XX
Pinnularia
Pleurosigms x x
Rhoicosphenia x
Stephanodiscus
Surirella zZ x
a r & X X X X x X X X XX X X X X
m"'_—rrom. & JoNma vy W 13 1o Y r,
c [ 8 9 11 12 11 10 12




Table IT, (contimued)
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No, times
collected

Date of
Collection

TRivers

’T July 30

Aug, 19

Sept 12

S

Genera
per clas

joa-,. 10

:1

CYANOPHICEAE
Anabaena
Lyngbya
Merismopedia
Microcystis
Oseillatoria
Nostoe

CHRYSOPHICEAE
Mallomonas
Synura
Rhizochrysis

XANTHOPHYCEAE
Characiopsis

Ophiocytium
Tribonema

BACILLARIOPHYCEAE
Asterionella
Cocconeis
Cymatopleura
Cymbella
Diatoma
Fragilaria
Gomphonema
Gyrosigma
Melosira
Meridion
Navicula
Nitschia
Pimmularia
Fleurosigma
Rhoicosphenia
Stephanodiscus
Surirella

Synedra

X X
XXx
XX

XX
XX

XX
XX

XX
XX

Vi e

3

N e

31

32

BumrrrE2obI3lhutvewn

Total, N




Table II,

(continued

< 04 0% 8w v o g Q
Date of o} o) ) o) b >
estiection i 5 58 B 4 4 2 3
Rivers Ne NG NG WNC NGC WG NC NC
Actinastrum xx X x b 3 4 x xx x
Ankistrodesmus
Chlamydomonas X X x
Closterium xx x X XX XX X Xx x XX x
Cladophora XX XX XX xXx XX X
Closteriopeis x
Coelastrum xx x x xx x X Xx x
Cosmarium XX x X x
Errerella x
Budorina 2z  § Xx &
Gonium x XX
Microspora x xx XX
Oocystis
Pandorina x XX b4 XXx Xx x
FPediastrum XX x xx XX X Xx XX X x xXx
Penium x
Flatydorina x x
Pteromonas x
Scenedesmus xXx XX XX xx XX x x
Sphaerocystis x
Spirogyra x x XX
Staurastrum x x x X
Ulothrix x x x
DINOPHYCEAE
Ceratium xx XX xx XX XxXx XX
Glenodinium x x x
Peridinium
EUCLENOPHYCEAE
Buglena XX xx xx xx 28 XX x x
Phacus x x XX XX XX Xx x
Trachelomonas xx X x XX xx 3 XX x
Total, N | 10 10 1L B 13 11 10 3
- C 10 7 15 12 12 7 12
Total genera W |17 18 23 10 % a4 19 15
for each date C 16 26 1
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Table II, (contimued)

2 8%
o NG} o o Y] o o I
Date of = . - - o ~ £9 B3
sdlectim | o @ BpowE B 4 P gl
= < < < %) o
Hvass R B T et T v L M N o M T TR
CHLOROFFYGEAE
Actinastrum X x xx x x ! 16
Ankistrodesms x xx 3
Chlamydomonas 3
Closterium XX XX X XX XX XX 2
Cladophors xx X .:BE =8 = xx 21
Closteriopsis X x xx x 6
Coelastrum x xx xx XX x 18
Cosmarium x x 7
Errerella 1
Eudorina x XX XX X x 15
Gonium 3
Microspora 5
Oocystis x x 2
Pandorina XX X x xx XX x 18
Pediastrum XX xx xx xx xXx x 27
Penium 1l
Flatydorina x XX X x x x ﬁ
Pteromonas XX x
Seenedesmus x X X xx xXx xXx 'a
Sphaerocystis 1
Spirogyra b
Staurastrum xx X x XX XX 12
Ulothrix 3
22 19
DINOPHYCEAE
Ceratium x x x x X 1L
Glenodinium x L
Peridinium XX 2
33
EUGCLENOPHYCEAE
Euglena XX XX XX XX XX_ XX 26
Phacus b 3 4 X X xR X xXx x 22
Trachelomonas ¥ xx xx XX xx x 2h
33
Total, v 1L 13 12 15 13 ] 53
o c 10 18 13 - S | 6 L6
Total genera W | 26 pal a 2% a4 1€
for each date C 2 26 22 19 17 §
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was found in each river on each collecting date, Davies (1959) col-

lected Oscillatoria four times from October to May, Chrysophycesze

were encountered only & few times during the study and Tribonema of
the Xanthophyceae was collected a total of 12 times in August and

October, Among the Bacillariophyceae, Synedra, Navicula, Oyrosigma
and Gomphonema were found in more than 75 per cent of the collectioms,

The Chlorophyceae were qualitatively more abundant than any of the
other classes, (losterium, Cladophora, Pediastrum and Scenedesmus

were the most often collected genera in this class, Davies (1959)
found 13 genera of Chlorophyceae in his slough study, This was the
largest munber of genera identified from any of the classes in his
investigation, Dinophyceae were found intermittently throughout
this investigation, Ceratium was collected 1l times and represented
the dominant qualitative genus in this group and it was the only
genus from the Dinophyceae identified by Davies (1959) as a phyto=-
plankton, Euglenophyceae represented by Euglena, Phacus and

Trachelomonas were collected quite consistently, However, on July

16 Evglena was the only genus of Euglenophyceae represented in the
Neosho and none were collected from the Cottonwood on that date,
From the quantitative collections, algae were separated into
the Cyanophyceae, Chlorophyceae, Bacillariophyceae and the Eugleno-
phyceae, Other classes were not represented in the collections until
June 23 (Fig. 12), Tribonema from the class Xanthophyceae and
Ceratium from the Dinophyceae were the genera present in significant
numbers in the remaining classes, In Figure 12 it was noted that
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the phytoplenkion in the Cottonwood was comparatively uniform in

abundance and the Neosho phytoplankton was sporadie in abundance, The
greatest phytoplankton concentration during June and July was LO units
per liter except for an increase on June 18 in the Neosho collection,
Eudorine was found in abundance only on that date and no Eudorina
colonies were encountered in the preceding collection of June 11 or
the succeeding collection of June 25, A special tow net sample on
June 20 after a heavy rainstorm ylelded only two Eudorina colonies,
August 6 and 19 and September 12 again showed increased mumbers in the
Neosho, A gradual inerease in the algal abundance of the Cottomwood
was noted from June 11 to 25, An incresse in August and September cor-
responded in time to an increase in numbers in the Neosho on those
dates, It yielded an approximate average of 80 wmits per liter,
Cyanophyceae were significantly present in collections from the
Cottomwood River during the early part of the investigation and ine
creased gradually wntil July 2, During this same peried, Cyanophycease
were almost completely absent from the Neosho, From July 16 to August
19 approximately tiree to five units/liter of Cyanophyceae were present
in the Neosho, On August 6 the Cottonwood yielded 1) units/liter and
on September 12 a sinilar increase in the Neosho to 17 units/liter was
sncountered, The Eudorina pulse previocusly referred to was the only
significant abundance of algae represented by the Chlorophyceae until
an incresse on August 6, Up to this time Chlorophyceae represented
approximately five units/liter for both rivers, The increase in August
and September corresponds in time to the increase in total algae pre-
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viously discussed, The concentration of Chlorophyceae in the Neosho

during this period averages approximately ten units/liter above the
Cottonwood, The increase resulted in a total algal abundance of approx-
imately 30 units/liter for the Neosho and 20 units/liter in the Cotton-
wood, The October collection marked almost a complete absence of
Chlorophyceae, Bacillariophyceae were less numerous in Cottonwood col-
lections than in the Neosho, except on August 13 when the diatoms in
the Cottomwood exceeded those in the Neosho, Approximately ten units/
liter were identified from the Neosho collections through June and July
and the Cottonwood had a slightly lower average, An increase is appar-
ent in August and a recession marks the October collections, On Septem-
ber 12 a sharp increase of Bacillariophycese was evident in the Neosho
as 108 mits/liter was encountered while a decline from the previous
eollections was noted in the Cottonwood, Euglenophyceae in the Neosho
showed a recovery in numbers after the May flooding, On June 25, 23
wmits/liter were comted in the collection from the Cottomwood amd on
this date the Neosho yielded one unit/liter of Euglenophyceae, Low
Euglena numbers were noted in July but on August 6 and 19 an increase
to 33 and 12} mits/liter were counted in Neosho ccllections, Similar
increased counts of 30, 35 and 3k units/liter were identified in Cotten~
wood ecllections on August 6, 13 and 20, respectively, A sharp decline
was noted in September and October, Xanthophyceae and Dinophyceas fure
nished small numbers to accompany the greater abundance of other classes
already discussed, Ceratium was collected periocdically from the Neosho
River and Tribonema furnished the only other significant quantity in
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this group from July 30 to September 12,

The quantitative percentage distribution of each class in the
ecollections is shown in Figure 13, Only four classes are represented
in the Cottomwood on July 23 and August 13 and 19, Cyanophyceae were
never the most abundant in any collection and they were completely
absent from the Cottomwood on July 16, Chlorophyceae became the dom-
inant class in the Neosho on June 18 when 81 per cent of the collections
vere composed of members from this group, The Cottonwood River col-
lections on June 18 were composed of 50,6 per cent Chlorophyceae, Algae
from this class were found in both rivers on all collecting dates,
Bacillariophyceae represented the greater percentage of the algae on
several dates, In the Neosho, high percentages of populations were re-
corded from June 11 and 25, On June 11, 70,9 per cent of the popula-
tion was diatoms and on June 25, 72 per cent was diatoms, In the
Cottorwood, on July 16 and 25 and October 10 Bacillariophyceae repre-
sented 7%, 76 and 70 per cent of the total number of algae, On July
2, U5 per cent of the slgee collected from the Neosho were Eugleno-
phyceae and on August 19, L9 per cent were classified as Buglenophyceae,
Between these two dates on July 16 and 23 no Euglenophyceae were cole-
lected from this river, In the Cottomwood collections on June 25, 55
per cent of the algae were Buglenophyceae and on August 13, L3.2 per
cent showed a similar representation, Euglenophyceae from this river
were not encountered on July 16, Two genera of the remaining classes
represented appreciable quantities of the total number of algae, Pre-
dominantly Ceratium and Tribonema composed 62 per cent of the collection
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in the Neosho on October 10, From the Cottonwood the highest per-

centage composition represented by this group was 18,0 per cent of the
total units of algae on July 30,



Percentage distribution of the abundance of algae by classes for the Neosho (N)

and the Cottonwood (C) on each date of collection,

Fig. 13,
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1, A survey was made of the phytoplankton and plysical-chemical
eonditions of the Neosho and Cottomwood rivers near Smporia, Xansas,
from June L to October 10, 1959,

2, A tow net phytoplankton sample and a 100-liter quantitative
phytoplankton sample were taken, Air and water temperature, turbidity,
hardness, dissolved oxygen, earbon dioxide, pH, seston and phenclphthae
lein and methyl orange alkalinities were recaorded,

3. There were 53 geners of algse identified from the Neosho
River and U6 genera from the Cottonwood River, The lowest number of
algse genera in either river om a particulsr collecting date was 15 and
the highest number wes 29 for the Necsho and 26 for the Cottomwood,

4, The population of algae varied from 6,7 units per liter to
99 units per liter in the Cottonwood and firom 11 unite per liter to 338
units per liter in the Neosho, The greatest total algae count cecurred
on August 19 in both rivers, The sbundance of the classes Cyanoplyceae,
Chlorophycese, Bacillariophyceae and Euglenophycese were discussed,

5+ The renges of physical-chemicsl conditions in the Nessho
were recorded as follows: turbidity, 72 ppm to 3000 ppm; temperature,
14,2°¢ to 28,7°C; hardness, 50 ppm to 202 ppm; oxygen saturation, 50
per eent to 9, per cent; carbon dioxide, 0,0 ppm t‘o 7.0 ppmy wathyl
orange slkalinity, 67 ppm to 285 ppm; sestom, 9.0 per cent to 29,0 per
cent; pi, 7.3 ts 8,2,

6, The ranges of physicalechemicsl conditions in the Cottone
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wood were recorded as follows: turbidity, 52 ppm to 3000 ppm; temper-
ature, 14.8°C to 29,29°C; hardness, 104 ppm to 358 ppm; oxygen satura-
tion, 42 per cent to 120 per cent; carbon dioxide, 0,0 ppm to 8,5 ppm;
methyl orange alkalinity, 115 ppm to 310 ppm; seston, 9.8 per cent to
22,5 per cent; pH, 7.6 to 8,1,
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Appendix A: Checklist of the Algae, (Smith, 1950).

Division Chlorophyta
Class Chlorophyceae
Order Volvocales
Family Chlamydomonadaceae
Chlamydomonas

Family e eae

Ptermonas
Family Volvocaceae
Gonium
Pandorina
Eudorina

% orina
Order Ulotr

Suborder Ulotrichineae
Family Ulotrichaceae
Nothrix
Family Vicrosporaceae
Miecrospora
Order Cladop
Family Cladophoraceae
Cladophora
Order Chlebeunseties
Family Micractinaceae
Lrrerella
Ticractinium
Family Hydrodictyaceae
Pediastrum
Family Coelastraceae
Coelastrum
Family Docystacese

%%ﬁuu

osteri

Family Scenedesmaceae
Scenedesmus
A

Order Zygnema

Family Zygnemataceae
Spir a

Family Des ceae
Closterium
Penium
Cosmarium
Staurastrum
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Division Euglenophyta
Class BEuglenophyceae
Order Euglenales
Family Buglenac

%1-“. eae

Trachelomonas

Division Chrysophyta

Class Xanthophyceae
Order Heterococcales

Family Characiopsidaceae
Characiopsis
Family or ciaceae
hi ium
Order Heter es
Family Tribonemataceae
Tribonema
Class Chrysophyceae
Order Chrysomonadales
Family Mallomonadaceae

rai1y Symisecase

Order m:%unu
Family Rhisochrysidaceae

Rhi is
Class Bacillariophyceae

Order Centrales
Family Coscinodiscaceae
lelosira

iscus
Order
Suborder Fragilarineae
Family Meridionaceae

Family tomaceae
Diatoma

Family Fragilariaceae

s onella
Suborder Achnanthineae
Family Achnanthacese
Rhoicosphenia
Cocconeis



Suborder NHaviculineae
Family Naviculaceae
Navicula
Tinnularia

u
Emugn
Family Gomphcomemataceae

Jomphonems
Family ellaceae

Suborder Surirellineae
Family Nitschiaceae
Nitschia
Family Surirellaceae

topleura

Division Pyrrophyta
Class Dinophyceae
Urder Peridiniales

Family Glenodiniaceae
Glenodinium

Family
Peridinium

Family Ceratiacese

Ceratium

Division Cyanophyta
Class Myxophyceae (Cysncphyceae)
Order Chroococcales
Family Chroococcaceae
ool Tt
Order es
Suborder Oscillatorinese

Family Oscillatoriaceae
Osecillatoria

Family Nostocaceae
Anabaena
Tostoe
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LIMNOLOGY

- RIVER DATA - PHYTOPLANKTON

Station Date River Collector
- oeston =~

Te ¢ | Turb gen c02 Alkal, Hard pH| inorganic organic total
Air| H0| ppm | pom| & sat | ppm|  Phth| M.0.] ppm mg/I| % mg/l] % mg/1
Tow Genus . count Tot, genera units g
1 e

Cyanophyceae
2 —— Chlorophyceae
3 Bacillari ophyceae
L Chrysophyceae
- Euglenophyceae

—_— Others

6 S Total u/1
7 —_—
8 —_——
9 e e——
10 18
11 19
12 20
13 21
1L 22
15 23 —
16 2l
17 25 .
Quant, Genus Count Genus Count




